The objective of the present study is development of novel surface-active block, comb-like, and branched copolymers with peroxide-containing chains, as well as derived functional luminescent and magnetic nanoparticles. The main experimental approaches are based on tailored synthesis of the oligoperoxide surfactants of desired structures and derived coordinating complexes of transitional and rare earth elements. Oligoperoxide-based synthesis of luminescent, magnetic, and other functional nanocomposites with controlled size distribution, functionality, reactivity, and biocompatibility is described. Developed methods provide combining the formation of polymeric, metal, and metal-oxide nanoparticles with irreversible modification of their surface by functional fragments capable of radical and other reactions, including binding of physiologically active substances. Novel nanoparticles were studied by chemical, colloidal-chemical, and rheological methods, X-ray diffraction technique, luminescent spectroscopy, and transmission and scanning electronic microscopy. The availability of ditertiary peroxide fragments on the nanoparticle surface provides a possibility of radical grafting functional polymer chains. The developed functional nanoparticles have been used for phagocytosis measurement, as well as markers of pathological cells, antimicrobial remedies, and nanocarriers for targeted drug delivery.
INTRODUCTION
The intense development of novel technologies of microelectronics, biochemistry, and medicine during the past few decades is based on targeted synthesis and use of a wide range of synthetic polymers with a high variety of chemical structure and properties. For example, the development of functional polymeric precursors is necessary for the design or improvement of microelectromechanical systems or their components [1, 2] , microphase-separated block copolymer thin films have emerged as a promising new technique for the creation of submicron/suboptical masks in the next generation of semiconductor and ples were twice re-precipitated from organic solvents and dried under vacuum. Vinyl alcohol fragments in polymer molecules were obtained by alkaline hydrolysis of VA links in methanol solution.
Nanoparticles of polystyrene and polyacrylates including luminescent ones were synthesized by water dispersion polymerization initiated by AIBN or functional OMC. Colored polymeric nanoparticles were obtained by incorporation of specific unsaturated dyes (MD) into the particles.
Reactive Ni colloids, Fe 3 O 4 , Ag, and other nanoparticles with narrowed particle size distribution and tailored functional shell and compatibility were synthesized by nucleation technique from water solutions of corresponding metal salts in the presence of SAP in the reaction mixture [25, 26] .
Sample characterization
The content of VEP and MP links was calculated taking into account volatile products of decomposition of peroxide groups detected by gas-liquid chromatograph (Selmi Chrom-1) according to [27] .
Surface tension of water-ammonia solutions of polymers was measured by PPNL-1 device using the technique of excessive pressure in the vesicle.
Intrinsic viscosity [η] of polymer solutions was measured by using Bishoff viscosimeter, in acetone at 298 K. For homopolymers, viscosity-average molecular weight was calculated by using equation [η] = KM α as referred K and α values [28] .
UV-vis spectrometry was performed at SPECORD-40 (Germany). The structure of the particle inorganic core and magnetite crystal size were determined taking into account the results of X-ray diffraction analysis data ("DRON-30", CoK α irradiation) using the Scherrer equation.
Crystal size distribution was obtained from transmission electron microscopy (TEM) micrographs ("JEOL" JEM-200A, accelerating voltage, 200 kV) and small-angle X-ray scattering (SAXS) measurements using a Guinier plot of scattering intensity vs. scattering vector fluctuation.
Composite particle size was studied by scanning electron microscopy (SEM) (Akashi ISI DS 130C microscope).
The content of adsorbed SAP and grafted copolymer was determined by elemental analysis. Opsonization of functional nanoparticles with specific proteins for phagocytosis was performed, as follows. Latex particles were pelleted by centrifugation, the pellet was washed twice with 0.1 M phosphate-buffered saline (PBS) (pH = 7.4), and suspended in double volume of human blood serum or 0.5 % solution of concanavalin A in the same buffer. The suspension of the nanoparticles was kept in refrigerator at 4°C for 24 h, thereafter washed several times with PBS, and the final suspension was standardized according to the number of nanoparticles per ml (usually 400-500 mln/ml).
RESULTS AND DISCUSSION
Oligoperoxide-based initiators-precursors for block copolymerization were synthesized by telomerization of VA, AA, St, or their mixtures with BA and MAN in hydrocarbon media in the presence of peroxide-containing telogens.
Earlier, we [23] have shown that only one terminal peroxide-containing fragment of MP can be included in the polymeric structure, providing the availability of active radical-forming site in the molecule of polymer-precursor.
The characteristics of the kinetics of polymerization reaction (Table 1) shows that polymerization in the presence of peroxide-containing chain-transfer agents occurs at a feasible rate and yield and provides telechelic oligomers (TOs) of tailored structures. It is evident that the rate of polymerization, TO chain length, and peroxide functionality are determined by the telogen amount in the initial reaction system, as well as by the reaction conditions. One can see from the presented experimental data ( Table 1) that MP is an effective chain-transfer agent possessing weakly inhibiting action which decreases polymerization rate value and lowers TO molecular weight at the increase of telogen concen-tration. Moreover, the kinetic characteristics of the polymerization and the molecular weight and functionality of peroxide-containing oligomers depend on the nature and composition of the monomer system. The presence of common absorption bands in the UV spectra of peroxide-containing telogens and oligomers with end MP fragment (Figs. 1 and 2) confirms entering of active telogen residue into the TO structure. It is evident from Table 2 , which represents the characteristics of synthesis and properties of obtained block copolymers, that MP-containing polymers are the active initiators of solution polymerization in various monomer systems. The initial polymeric initiators and resulting block copolymers possess different solubility and can be separated by dilution and precipitation in distinct solvents. The obtained block copolymers can be composed of blocks of different polarity containing various functional fragments including peroxide groups. The variation of synthesis conditions and the nature and concentration of both initial TO-initiator and monomer mixture provides a control of block copolymer chain length, hydrophilic-lipophilic balance (HLB), and reactivity. 
Synthesis of macro-initiators-precursors for graft copolymerization
Functional oligoperoxide initiators-precursors for graft copolymerization-were synthesized by copolymerization of VA with BA, MAN, or AA and unsaturated peroxide as monomer and chain-transfer agent simultaneously in hydrocarbon media and derived metal complexes on their basis, as referred [24] . Earlier, we showed [13] that OMCs are low-temperature macro-initiators of radical polymerization in hydrocarbon and water dispersion media, providing the obtainment of controlled graft copolymers of various backbone and side functional chains including groups of peroxide functionality. Some characteristics of OMC precursors are presented in Table 3 . A. ZAICHENKO et al.
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It is evident from Table 4 representing comb-like copolymer characteristics, that they contain different functional groups, including active ditertiary peroxide ones. One can see that obtained copolymers can be of controlled surface activity (Fig. 3) , solubility, and reactivity, especially in the secondary processes of radical polymerization. Thus, grafting hydrophobic polystyrene chains to molecules of OMC initiator leads to the enhancement of the product surface activity in water-alkaline media; thereby, they can be used as radical-forming surfactants for synthesis of branched polymers and colloidal particles with predefined functionality and reactivity of the shell. The coincidence of characteristic absorption bands corresponding to Cu 2+ -containing fragments in OMC molecules and derived comb-like copolymer testifies to structural entering of OMC residual fragments into the molecule of graft-copolymer obtained as a result of polymerization initiated by OMC precursor (Fig. 4) .
Comb-like copolymers containing radical-forming ditertiary peroxide fragments in the chains are prospective macro-initiators-precursors providing the obtainment of highly branched polymers. They initiate radical polymerization in the organic solutions in a wide temperature range, causing a formation of branched copolymers with new branches of tailored length, functionality, and reactivity (Table 5) . Table 5 Rheological characteristics (intrinsic viscosity) of OMC, copolymer OMC-graft-P1 and derived copolymer OMC-graft-P 1 -graft-P 2 . The rheological characteristics of polymer products that were obtained as a result of polymerization initiated by metal complexes on the basis of peroxide-containing macro-initiators of different degree of branching witness a formation in solution of new compact polymer structures peculiar to branched copolymer structure (Table 5) . 
Water dispersion polymerization initiated by OMCs
Previously, we [12, 13] have studied the formation of primary reactive polymer nanoparticles with functional shell by the technique of water dispersion polymerization initiated by OMC. The main regularities of controlled radical polymerization initiated by oligoperoxide Me n+ -containing surfactants indicate a possibility of obtaining polymer water dispersions comprising of unimodal nanoparticles with particle size in the range of 30-70 nm, as shown in Fig. 5 , and reactive functional shell capable of radical, condensation, and other reactions [13] .
Using oligoperoxide-based coordinating complexes of cations of rare-earth elements for the initiation of St dispersion polymerization provides obtainment of luminescent polymeric nanoparticles with narrowed particle size distribution (Figs. 5 and 6 ). One can see that highly monodisperse nanoparticles can be synthesized only at optimal content of luminescent OMC in water dispersion system, as initiator and stabilizer. That can be explained by the change of nanoparticle formation mechanism at different OMC concentrations.
As a result of sorption immobilization of luminescent SAP modifiers onto the magnetic ferric oxide nanoparticle surface, novel functional magnetic and luminescent nanoparticles were synthesized (Figs. 7 and 8) .
Functional polystyrene nanoparticles possess an intensive luminescent capability due to the presence of coordinated Ce 3+ cations in the functional particle shell. It is evident that a decrease of nanoparticle concentration in water system leads to an enhancement of luminescence intensity as a result of an increase of the system transparency (Fig. 8) .
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Seeded polymerization initiated from the surface of the particles modified by OMCs
Functional polymeric nanoparticles containing radical-forming sites in the oligoperoxide shell immobilized on the particle surface are efficient initiators of seeded polymerization providing grafting of various functional chains at a definite distance from the particle core. The experimental results of seeded low-temperature polymerization initiated from the surface of functional polymer nanoparticles are presented in Table 6 . They display a formation of composite particles with "core-shell" morphology and a possibility of obtaining multilayer reactive shell. It is evident ( Table 6 ) that various monomers and monomer systems can be used for the formation of second and third functional polymer shells on the particles resulting in changing particle hydrophobic-hydrophilic properties, functionality, and enhancement of their size. *Formation of second shell was initiated by residual OMC in the particle shell. **Formation of third shell was initiated by additional OMC sorbed onto that particle surface (0.5 % per monomers). ***F-MA: 2,2,3,3-tetrafluoropropyl-2-methacrylate; Si-MA: (3-trimethoxysilyl) propyl-2-methacrylate; GMA; (2,3-epoxy propyl)-methacrylate.
The study of seeded polymerization rate depending on the concentration of sodium pentadecyl sulfonate and particle-initiator content in the system, testifies to the polymerization occurrence exceptionally at the primary particle surface, providing an increase of their size. No particles are formed during seeded polymerization initiated by particles modified by OMCs.
As a result of seeded water dispersion polymerization initiated by radical-forming sites in functional oligoperoxide shell, novel particles with complicated morphology and targeted functionality, compatibility (including biocompatibility), and reactivity can be synthesized.
Homogeneous nucleation from salt solutions in the presence of SAPs or OMCs
The method of the formation of primary reactive inorganic particles with functional shell by homogeneous nucleation from the solutions of corresponding metal salts in the presence of SAPs and OMCs [24] [25] [26] is presented in Fig. 9 . Reactive Ni colloids, Fe 3 O 4 , Ag, and other nanoparticles with narrowed particle size distribution and tailored functional shell and compatibility were synthesized by this technique in the presence of oligoperoxide surfactants [29] [30] [31] . The average particle size distribution testifies to a tendency of formation of unimodal nanoparticles at their formation in the presence of SAPs or OMCs (Fig. 10) . That is explained, as we have shown earlier [12, 13, 29] , by a displacement of the reaction of particle nucleation into micelle-like structures formed by functional oligoperoxide surfactants, which are the templates determining the particle size.
TEM study of nanoparticle hydrosols (Fig. 10) nique (Table 7) , TEM (Fig. 10) , SEM, and magnetic measurements testify to favor of the realization of more complicated mechanism of ferric oxide formation as a result of homogeneous nucleation in the presence of functional oligoperoxide surfactants in accordance with the scheme (Fig. 11) . Taking into account the results of SEM, TEM, and SAXS analysis, it can be suggested that integral Fe 3 O 4 particles with size around 100-150 nm comprised of magnetic mineral core containing nanocrystals sized 8-12 nm with functional polymeric shell providing radical reactions initiated at the particle surface. SAP concentration and temperature of synthesis are the main factors determining integral nanoparticle size, as well as the size of nanocrystals (Table 7) . TEM micrographs of magnetite nanoparticles after sonification during 4 and 40 s confirm complicated Fe 3 O 4 nanoparticle morphology (Fig. 12) .
The availability of reactive functional shell on the nanoparticle surface not only provides tailored rheological characteristics and compatibility with various matrixes, but also indicates a possibility of occurrence of radical and other reactions with participation of functional fragments located in the particle shell.
© 2008 IUPAC, Pure and Applied Chemistry 80, 2309-2326
Oligoelectrolytes and nanoparticles 2321 
Seeded polymerization initiated from inorganic particle surface modified by OMCs
The availability of radical-forming sites on the particle surface causes a possibility of radical formation by immobilized ditertiary peroxide groups and grafting polymer chains to surface with following formation of new functional shell at a given distance from the surface ( Fig. 13 and Table 8 ). As one can see (Fig. 13) , seeded polymerization initiated from the surface of inorganic particles obeys the same regularities that are peculiar for polymerization initiated from the polymer particle surface, including independence on the concentration of the added emulsifier. That proves an occurrence of graft polymerization only on the particle surface and the impossibility of particle formation in the medium. The polymerization rate and conversion depend strongly on the modified filler nature and content in the reaction system. The study of the particles after seeded polymerization witnesses an increase of their size and tailored formation of grafted chains containing the definite amount of active functional fragments. 
Potentials for biomedical application: Employment of nanoparticles in studying phagocytic activity
Latex nanoparticles were pretreated with different proteins and these particles were further used as objects of phagocytosis. It is known that the efficiency of ingestion of particles by phagocytic mammalian cells (neutrophilic granulocytes or macrophages) depends upon properties of particle surface, especially upon proteins located at the surface. Substances, including proteins, which stimulate phagocytosis are called "opsonins", and the process of particle coating with these substances is called "opsonization".
Immunoglobulins and antibodies immobilized on the particle surface by different bonds (physical or chemical) are the most effective opsonins. We used proteins of human blood serum or concanavalin A for opsonization of nanoparticles. Concanavalin A is a plant lectin, which is a protein that selectively binds carbohydrates, such as mannose, glucose, and acetamidoglucose. In natural conditions, it binds polysaccharides (glucans and mannans) or glycoproteins exposing residues of mannose and acetamidoglucose. Concanavalin A absorbed on that nanoparticle surface favors the particle attachment to cell surface and its engulfment during phagocytes. An example of cytological pattern of phagocytosis of different opsonized nanoparticles, including polymer-coated nickel particles, is presented in Fig. 14 . 
CONCLUSIONS
The principal possibility of using peroxide-containing monomer or telogen, as well as surface-active polymeric substances on their basis, for tailored design of reactive macromolecules of block, comb-like, and branched structure with peroxide-containing chains of various nature, HLB, and reactivity was demonstrated.
The results of studying kinetic peculiarities and other characteristics of novel designed copolymers displayed that they are surface-active substances with controlled solubility, rheological characteristics, surface activity, and capability of radical formation in a wide temperature range.
Various approaches of using oligoperoxide-based surfactants including derived coordinating metal complexes for the activation of colloidal particles causing polymer grafting onto their surface have been demonstrated. That permits obtaining of nanoparticles of "core-shell" structure with fragments providing their tailored compatibility, functionality, and reactivity including biocompatibility and specific biological activity. Functional nanoparticles, including magnetic, colored and luminescent ones, were successfully used as stained or magnetic labels for investigation of phagocytosis, labeling pathological cells, as well as nanocarriers for targeted drug delivery. The advantages of using polymeric nanoparticles comparing to yeast cells, possibilities of chemical conditioning of the particle surface and its modification by attaching specific ligands with known structure can be clearly seen in phagocytosis experiments. Proposed technology of latex nanoparticle synthesis and fractionation for obtaining monodisperse suspensions can be used for measuring phagocytic activity of human blood cells for the diagnostic purposes in clinical laboratories.
